Study of the effect of human impact and sheltering condition on corals and fish assemblages was carried out in twenty nine reef sites at the area between Marsa Umm El-Grifate and Marsa Shuna, Red sea. Total living covers, total coral cover, and total recruitment colonies were recorded and exhibited higher percentages of occurrence on the exposed and un-impacted sites than on the sheltered and impacted ones. In contrary, the covers of algae, dead and bleached coral colonies were found to be higher on the sheltered and impacted reefs than on the exposed and un-impacted ones. In total, 117 fish species belong to 24 families were recorded. Although, carnivore fish were dominating the food web, the most abundant groups were found to be herbivore and planktivore fishes. Total fish abundance was higher in the shelter sites than in the exposed ones, while the abundance of herbivores, carnivores, and piscivores were higher in the sheltered and impacted sites than in the exposed and unimpacted ones. Total coral cover and total recruitments were negatively correlated to algal cover. Total fish abundance was positively correlated to total living cover and negatively correlated to total coral cover. Herbivores fish abundance was positively correlated to total coral cover and total recruitments, but it was negatively correlated to algal cover. Moreover, planktivores fishes were negatively correlated to the total coral cover and total recruitments. This study strongly recommended to organize the fishing activities along the southern Red Sea, in addition to regulate the rabid coastal development to this part of the Red Sea.
INTRODUCTION
Coral reefs are the most structurally complex and taxonomically diverse marine ecosystems on earth, providing habitats for tens of thousands of associated fishes and invertebrates (Mellin et al., 2010; De'ath et al., 2012) . Despite occupying less than 0.1% of the world's marine environment (Spalding et al., 2001) , coral reefs host almost 30% of all the marine biodiversity (i.e. 93,000 described coral reefs organisms on a total of 274,000 described marine species (Porter and Tougas, 2001 ).
Threats to coral reefs and the ecosystem goods and services they provide are both natural and anthropogenic in origin. Coral reefs and associated ecosystems have a high degree of natural variability due to large-scale episodic disturbances such as major storms; hurricanes; typhoons; and cyclones (Wilkinson, 2004; Bruckner et al., 2011) . Coral reefs are seriously threatened both locally and globally by a variety of direct and indirect anthropogenic threats (Jackson et al., 2001 , Halpern et al., 2008 Jessen et al., 2012; De'ath et al., 2012; Granados-Cifuentes et al., 2013) . Of primary concern are threats to ecosystem health from overexploitation of marine resources; (Figure 1 ). The study area became well developed in the last ten years, where numerous touristic activities (i.e. resorts and hotels) were constructed along the shoreline of the area. A total of 29 reef sites were surveyed with distance intervals of approximately 500m apart. Out of them, 4 are considered sheltered sites (i.e. Marsa), namely: Marsa Umm El Grifate, Marsa Ghaleb, Marsa Imbarek, and Marsa Shuna (sites 1,17,24,29, respectively). The four Marsa have different types of touristic activities, i.e. resorts, diving, snorkeling, picnic beaches, and diving boats mooring areas. The other 25 sites were considered exposed and some human impacts like some resorts. 
Methodology:
The study area was surveyed using SCUBA diving and commenced in November 2012. The substrate type was surveyed using Point Intercept Transect (PIT), the substrate indicators were surveyed using Belt Transect (BT), and the fish was surveyed using visual census method (English et al., 1997) . At each site, 25m long transects parallel to the reef edge was surveyed at depth of 0-5m. The substrate type was recorded at 1m intervals of the transect, i.e. 25 points were recorded at each transect. The recorded substrate types were hard coral (recorded at genus level), soft coral (recorded at genus level), algae, and dead substrate.
On the same transects, three belt transects each 25m length and 5m width (as replicates) were surveyed as BT. In each BT, substrate indicators of human impacts and reef health were recorded as: number of dead coral colonies (recently and old), bleached coral colonies (partially and totally), and new coral recruitments. These indicators were counted as number of category per 125m 2 area.
On the other hand, the fish assemblages were also identified and counted at the same transacts locations. Fishes were identified at species level and grouped and classified into sex categories according to their feeding type, i.e. picsivores, carnivores, herbivores, coralivores, planktivores, and omnivores (Froese and Pauly, 2003; Cole, 2010; Alevizon, 2014) . The fish census was made during daytime. At each site, coral reef fishes were counted within three transects (as replicates) of 100m long, 5m wide and 1m height from the bottom. Fish counts were expressed as fish per 500m 3 .
The data was analyzed statistically using IBM SPSS (V.19. Analysis of Variance (ANOVA) was applied to test the occurrence of significant differences between different variables of sheltering condition, human impact and different categories of fish assemblages and coral community. Furthermore, correlation was made to deduce the relationship between these different categories of fish assemblages and coral community.
RESULTS

Substrate Composition at the study area:
Regardless sites and human impacts, data of total living cover, hard coral, soft coral, algal turfs, non-living cover, dead coral, bleached colonies, and total recruitments colonies showed that the sheltering conditions had a significant influence on the total living cover, hard coral, algal turfs, and total recruitments colonies (P < 0.05) and did not show influence on the others studied categories (P > 0.05). On the other hands, one way ANOVA showed non-significant values between the human impacts and all the studied substrates categories (P > 0.05).
Table (1) shows the average covers of substrate categories after grouping the study sites as sheltered, exposed, or impacted and un-impacted sites. The four categories, total living cover, hard corals, bleached corals, and total recruitments showed higher values in both the exposed and un-impacted sites. In contrary, three categories, non-living cover, soft corals, and algal turfs, showed the opposite pattern with higher values in both the sheltered and impacted sites. Furthermore, the dead colonies intensity was higher in the exposed and impacted sites than in the sheltered and un-impacted sites. In general, the total living cover at the studied sites ranged between 80% at sites 23, 24 and 92% at sites 7,8,9,10 and 18 (Fig. 2) . The highest value of hard coral coverage (92%) was recorded at sites 12, 18 and the lowest one (48%) was recorded at site 23, but the highest soft coral coverage (12%) recorded at site 6 and the lowest one (1%) at site 22, (Fig. 3) . Site 23 had the highest value of algal turfs 23% and site 11 had the lowest one (1%) (Fig. 4) . The dead colonies were ranged between 8 and 50 colonies/125m 2 at sites 29 and 8, respectively, while the bleached colonies ranged between 1 and 12colonies/125m 2 at sites (17, 22, 27, 28) and site 6 respectively, (Fig. 5 ). On the other hand, the highest number of recruitment colonies (95colonies/125m
2 ) recorded at sites 16 & 20 and the lowest one (8 colonies/125m 2 ) was recorded at site 1 (Fig. 6 ). Fig. 6 The recorded total number of coral recruitments in the study sites Fish assemblage at the study area:
During this study, 117 fish species belong to 24 families were recorded in the study area. Among these species, 9 species were picsivores, 61 species were carnivores, 19 species were herbivores, 7 species were coralivores, 8 species were planktivores, and 13 species were omnivores. Testing the effect of sheltering condition on the fish assemblage using one way ANOVA showed that sheltering condition affected significantly the total fish abundance, as well as the abundances of each of the herbivores, carnivores, planktivores, and omnivores fishes (p < 0.05). No significant effect was detected on the abundances of piscivores and coralivores fishes (p > 0.05). On the other hand, the human impacts had significant influence on the herbivores, carnivores, and omnivores fishes, but it did not significantly influence the other fish assemblages (p > 0.05).
Regarding the sheltering and human impacts, the abundance of fish assemblage at the study area is shown in Table ( 2). The herbivores showed the highest abundance in all conditions, while the coralivores and piscivores shared the lowest abundances. According to the sheltering condition, the total fish abundance showed higher value at the sheltered sites than at the exposed sites while there was no difference in the total fish abundance between the impacted and un-impacted sites. Herbivores, carnivores, planktivores, and piscivores abundances were higher in sheltered and impacted sites than at the exposed and un-impacted sites. On the other hand, omnivores and coralivores abundances were higher at the exposed and un-impacted sites, than at sheltered and impacted ones.
Comparing sites, the highest fish abundance was recorded in site 25 and the lowest one in site 21 and being 1738 and 325 fish/500m 3 , respectively (Fig. 7) . Fig. (8) shows the abundance of each feeding groups at the studied sites. Site 25 had the highest abundance of carnivores and omnivores fishes (191 and 995 fish/500m 3 , respectively) and site 29 had the lowest ones (14 and 16 fish/500m 3 , respectively). The highest abundance of planktivores fishes was recorded in site 26 and the lowest one recorded in site 2, (852 and 2 fish/500m 3 , respectively). The abundance of coralivores fishes ranged between 4 and 53 fish/500m 3 (recorded in sites 16 and 27, respectively), and the abundance of piscivores ranged between 2 and 63 fish/500m 3 , (in sites 18 and 11, respectively). Site 29 had the highest abundance of herbivores fishes while site 28 had the lowest one (430 and 65 fish/500m 3 , respectively). 
Relation between substrate composition and fish assemblages:
The inter-relationships between the different substrate categories and the different fish assemblages were investigated using correlation test and results are given in Table ( 3). No correlation was detected between the total coral coverage and the total recruitment colonies (p = 0.367). On the other hand, the algal turfs showed significant negative correlation with the coral coverage (p = 0.001) and no correlation with the total recruitment colonies (p = 0.585). The total fish abundance showed significant positive correlation with the total living cover (p = 0.001), and no correlation with the algal turfs (p = 0.25). On the other hand, the total fish abundance had significantly negative correlation with the total coral cover (p = 0.028) and total recruitment colonies (p = 0.003). Herbivores fish abundance had no correlations with the total coral cover (p = 0.21), total recruitment colonies (p = 0.925), and algal turfs (p = 0.265). Moreover, the coralivores fishes showed no correlation with the total coral cover (p = 0.875). On the other hand, the abundance of planktivores fishes had significantly negative correlation with the total coral cover (p = 0.047) and total recruitment colonies (p = 0.002). 
DISCUSSION
The main reef type in the Red Sea is the finishing reefs which are characteristic with wide back reef in some region and a lot of bays and lagoons, and is sheltered from the northern wave in most time of the years (Edwards and Head, 1987) . In the last two decades the coral reef degradation particularly along Egyptian Red sea coast was due to enhanced anthropogenic disturbances and their interaction with natural stressors ( (Kotb et al., 2004 (Kotb et al., , 2008 Ali et al., 2011) .
During the present study, sheltering condition showed an influence on the total living cover at the study area. This observation agrees with that of Attalla (2011) , who studied the effect of the sheltering condition on the substrate composition at the northern Red Sea and found similar pattern. In addition, the results from the reef assessments in the Red Sea over two decades 1988-1997 on the Egyptian reefs suggest a little change in community structures with the temporal change (Riegl et al., 2012) . The total living cover in all sites did not affected with the occurred human impact such as coastal development, diving activities and some fishing activities. Moreover, the sheltered and impacted sites (Marsa) had lower living cover than exposed and un-impacted sites. These findings agrees with Mohammed (2012) and Dar et al., (2012) as they found in the southern Red Sea that the un-impacted sites had higher total living cover than the impacted sites.
The variation in the coral communities between exposed and sheltered reefs are well documented in different parts of the world (Toda, 2007) . In additional, Tilot et al., (2008) ; Attalla (2011); Mohammed (2012) and Dar et al., (2012) found that in the exposed sites, branched forms estimated higher percentage than in the sheltered sites, in contrast, the massive growth forms at the sheltered sites showed higher occurrence than at the exposed site. This explains the highest cover of coral cover in exposed sites than sheltered one. Generally, the total coral coverage in the un-impacted sites showed insignificant increase than in the impacted ones (e.g. Kaufman and Tschirky, 2010; Obura and Mangubhai, 2011; Kaufman et al., 2011; ICRI, 2012; Jackson et al., 2014) . The losses of marine habitats are the highest in coastal areas largely as a result of conflicting uses of coastal habitats due to the coastal development which increased in last two decade Southern Red Sea and these by turn effects on the diversity of species in the some reefs and the variation between them in the tolerance and stress (Riegl et al., 2012) .
During this study the exposed and un-impacted sites had lower algal cover than the sheltered and impacted sites. Jenkins et al., (1999) , studied the algal composition in inshore sites at the south of the Isle of Man, UK, and he found that the sheltered sites had wide algal diversity and coverage in the sheltered sites than in the exposed sites.
The detected number of dead coral colonies in the sheltered and impacted sites was higher than those in the exposed and un-impacted sites. The dramatic variations in temperature and salinity can cause high mortality rates of corals (Brown, 2000; Mohammed and Mohamed, 2005) especially in sheltered and semi-closed areas.
The total number of recruitment colonies was higher in the exposed and unimpacted sites than in the sheltered and impacted ones. Increasing the number of recruitment colonies in the exposed sites and un-impacted sites could be a result of successful settlements of coral larvae and availability of settlement space in these sites compared to the sheltered and impacted sites. In the sheltered and impacted sites, the continuous supply of fine and particulate sediments may impede the larval settlements and/or prevent their growing up through reduced illumination and the lack of suitable surfaces for larval settlements and colony growth (Sheppard, 1982; Tilot et al., 2008; Gleason and Hofmann, 2011) . Also, the algal flora may displace and growing faster and obscures the new coral recruits, (Dar et al., 2012) .
During the present study, 117 fish species belong to 24 families were recorded dominated by carnivores. The total fish abundance was higher in the sheltered sites than in the exposed sites. This might be due to the coastal development and diving activities in the sheltered sites, which prevent any fishing activities in these areas.
Regarding the feeding habits, herbivores and planktivores fishes densities were the highest in the studied sites. The lowest groups were picsivores and corallivores fishes in all sites. Pomacentridae, and Acanthuridae which were the most dominant families of the planktivores and herbivores, respectively, were the most dominated of fish fauna in terms of species richness along the Egyptian Red Sea reefs (Alwany and Stachowitsch, 2007) . Alwany (2011; 2014) confirmed that these groups were the most abundant ones in some of studied sites within the study area and the lowest abundant groups were picsivores and corallivores fishes .On the other hands, the abundance of herbivores and carnivores and picsivores fishes was high at the sheltered and impacted sites than exposed and un-impacted ones. This might be attributed to that the major species of these groups were commercial fishes, used by human as food source. Most of sheltered sites were marsa and house reefs did not performed any fishing activates expect but most exposed sites were used for fishing activates from the coast by local peoples. Shepperd et al. (1992) stated some coral reef fishes are used in trade and become the food source like Labridae, Serranidae, Lethrinidae, Lutjanidae and Siganidae. In the last two decades, increased human settlement in coastal areas of the Red Sea and the resultant increase in artisanal and commercial fishing activities to support local consumption, and to supply a growing international trade in coral reef species and products, have led to depletion of many commercially valuable species (Bruckner et al., 2011) .
As the coral reef ecosystem contains different elements such as corals, associated fauna and flora fishes and others, interact with each other in different relationships. Many studies showed that, the factors that control the presence of adult corals at any reef are the same which control the occurrence of coral recruitments, such as light (Banaszak and Lesser, 2009) , hydrostatic pressures (Stake and Sammarco, 2003) sedimentation (Heyward and Negri, 2010) and currents (Gleason et al., 2009) . This by the way makes the reefs that are healthy and have high coral coverage more attractive to the coral larvae (Sale et al., 2005) . This was the same observation during this study; where we found positive correlation between the coral coverage and the total number of recruitments. In addition, both substrates elements; coral coverage and coral recruitments found to be in a negative significant correlation with algal turfs. Hughes et al. (2007) stated that a change in the coral-dominated reefs to alternative stable states are controlled by algae. Also, the availability of the settlement space can be reduced and intensity of interactions between corals and algae can be increased (Done, 1992; Hoey and Bellwood, 2011) , and reduce in habitat complexity (Mumby and steneek, 2011) .
Coral reef fishes, especially those depend on living substrates are known to be influenced significantly by changes in living substrates elements (Pratcchett et al., 2011 (Pratcchett et al., , 2012 . The correlation between the living substrate and total fish abundance in the present study found to be positively correlated. Alwany and stachowisch (2007) found significant effect of the living substrates on the distribution and abundance of common reef fishes in the Red Sea. The negative correlation between the total fish abundance and coral cover and coral recruitments in the present study is mainly due to about 50% of the total fish abundance belongs to planktivores fishes and these groups of fishes are strongly negative correlated to both the coral cover and coral recruitments.
Predation is generally assumed to be the major source of larval mortality for corals and other benthic invertebrates (Young and Chia, 1987) . Coral eggs and larvae are highly nutritious, containing 50-70 % lipid (Richmond, 1987; Arai et al., 1993) . Furthermore, they are large and colorful with no obvious morphological or known physical defense against predators (Harrison and Wallace, 1990) . Pratchett et al. (2000) , studied the comparative palatability among eggs of mass-spawning corals at the Orpheus Island in central section of the Great Barrier Reef, and they found that, the eggs and larvae of mass-spawning reef corals are seasonally abundant and highly nutritious and are therefore a potentially important food source for planktivores fishes. Others studies found the negative relationship between the coral coverage like Munday et al. (1997); Gardiner and Jones (2005) and Pratchett et al. 2012) .
During this study, abundance of herbivores fishes found to be had a nonsignificant relationship with the total coral coverage and total recruitment colonies, and algal turfs. Several studies have demonstrated a critical role of herbivores reef fishes in influencing competitive interactions between corals and algae (Mumby et al., 2006 (Mumby et al., , 2007 Hughes et al., 2007 Hughes et al., , 2011 , and consequently coral reef resilience (Nyströ m and Folke, 2001; Bellwood et al., 2004) . Many of these studies have demonstrated a strong negative relationship between fish grazing intensity (particularly biomass) and algal cover with increasing in coral cover (Arnold, 2010; Smith, 2010; Mumby and Steneek, 2011) .
Corallivors fishes abundance found to have non significance correlation with the coral coverage. These groups of fishes are well studied in many region of the world and two theories were hypotheses. First which found a strong correlation with coral coverage , (e.g; Alwany, 1997 Alwany, , 2003 Alwany, ,2013 Alwany, ,2014 Ohman et al., 1998) , and the second, found no correlation between the corallivores and coral coverage and that due to the food availability are more than their needs, (e.g. Attalla, 2011; Lawton and Pratchett, 2012; Pratche et al., 2012) . The present study agrees with the second hypothesis.
Finally, this study is the first to give detailed view on the status of coral reef and coral reef fishes along this part of the Egyptian coast of the Red Sea which are characterized by rapid coastal development and different anthropogenic impacts. It is important critical therefore, to established continuous monitoring programs, and gathered base-line data to help in the conservation and management of the reefs within this area. 
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